Rare radiative decay φ → ηπ 0 γ was studied with SND detector at VEPP-2M electron-positron collider and its branching ratio was measured: B(φ → ηπ 0 γ) = (0.88 ± 0.14 ± 0.09) · 10 −4 . Significant contribution of the a 0 (980)γ intermediate state was observed in the decay. The result is based on total integrated luminosity corresponding to 2 · 10 7 produced φ mesons.
Introduction. The first observation of the rare radiative decay
and measurement of its branching ratio were performed in Novosibirsk by SND detector at VEPP-2M e + e − collider [1, 2] . The analysis was based on data collected by SND in 1996 [3] . Later the results were confirmed by CMD-2 group in their recent publication [4] . Results of the present work are based on analysis of all SND data collected in the vicinity of φ meson in 1996-1998 [5] .
Reaction (1) is especially interesting in connection with the scalar a 0 (980) meson problem, which is being actively discussed in the literature. At present there is no generally accepted viewpoint on the nature of a 0 , its quark structure is still not well established, and several models exist including modification ofscheme [6] , KK molecular model [7] , and 4-quark model [8] .
It was suggested in [9] that the decay φ → a 0 (980)γ → ηπ 0 γ may serve as a probe of the a 0 -meson quark structure. Theoretical predictions for the decay branching ratio vary from 10 −5 for the simple two-quark and KK molecular models up to 10 −4 in the 4-quark model [9, 10] . There also exist some models in which high rate of the decay (1) can be achieved without assumption of 4-quark structure of the a 0 meson [11] . Another possible mechanism of the
The vector meson dominance model prediction for this branching ratio is 5 · 10 −6 [9, 10] . Detailed study of the φ → ηπ 0 γ decay may provide decisive information on a 0 (980) meson problem.
Experiment. The SND [12] is a universal nonmagnetic detector. Its main part is a 3-layer electromagnetic calorimeter consisted of 1630 NaI(Tl) crystals. The energy resolution of the calorimeter for photons can be described as σ E /E = 4.2%/ 4 E(GeV ) [13] , the angular resolution is close to 1.5
• . The solid angle coverage is 90% of 4π steradian.
The data used for the study of φ → ηπ 0 γ decay were collected in 1996-1998 [5] . Nine successive scans of the energy range 980-1040 MeV were performed.
The data were collected at 16 beam energy points. The total integrated luminosity in the experiment is 12 pb −1 and total number of produced φ mesons -
Event Selection. Main sources of background for the process under study
are the following φ-meson decays:
and a nonresonant process
The process (4) does not produce 5γ events directly but can mimic the pro- • an event is one of the process e + e − → 5γ; the χ 2 value is denoted as χ 2 5γ ;
• an event is one of the process e + e − → 3γ with two additional stray photons; the χ 2 value is denoted as
The following restrictions on the χ 
For further background suppression, an event configuration (the photon energies and angles after 5-γ kinematic fitting) was compared using modification of kinematic fitting technique developed in the work [15] with ones expected for the process (2) and background processes • an event is a cascade reaction e + e − → Xγ, X → ηπ 0 where X is some intermediate particle; the P ηπγ parameter and invariant masses of photon pairs, presumably produced in the decays of π 0 and η mesons ( M π and M η ) were calculated;
• an event is a cascade reaction e + e − → Xγ, X → π 0 π 0 ; the P ππγ parameter was calculated;
• an event is of the process
an invariant mass of π 0 γ pair from the ω → π 0 γ decay, was calculated;
Relative contributions from the background processes (3) and (6) cross section of the process (6) was measured using the selection criteria similar to those described above for the process (2). The result was compared with our earlier measurement [16] . It was found that simulation overestimates detection efficiency for the process (2) by 5%.
In the Table 1 
The main sources of systematic error here are uncertainties in the measured cross section of the process (6) and in average detection efficiency due to large statisical error of the observed ηπ 0 invariant mass spectrum.
In fig.6 The corresponding fitting curve is shown in fig.6 . The optimum value of the ratio
−0.32 within experimental errors satisfies the relation between coupling constants g a 0 ηπ = 2/3· g a 0 K + K − obtained in [8] in the assumption of 4-quark structure of a 0 meson.
If we fix this ratio at its 4-quark model prediction, the optimal values of other fit parameters become:
The mass M a 0 is in agreement with the PDG value 983.4 MeV [17] .
Comparison with (8) shows that about 50% of the observed branching ratio (7) corresponds to M ηπ > 900 MeV and the observed invariant mass spectrum is consistent with the model [9] . Thus it can be assumed, that the a 0 γ intermedi- • Figure 2 : Distribution of M η -reconstructed mass of η meson versus M π -reconstructed mass of π 0 for events with E γ max /E beam < 0.68.
• Figure 3 The P ηπγ distribution. Points with error bars -experimental data.
Histogram -simulated signal from φ → ηπ 0 γ decay corresponding to branching ratio of 0.9·10 −4 , shaded histogram -estimated background from the e + e − → ωπ 0 and φ → ηγ, f 0 (980)γ processes.
• Figure 4 The cos α distribution. α is an angle between recoil photon and η meson in the ηπ 0 rest frame for selected ηπ 0 γ events. Points with error bars -experimental data,
histogram -simulation of the process (1) with BR = 0.9 · 10 −4 .
• Figure 5 Recoil photon polar angle distribution for selected ηπ 0 γ events. Points with error barsexperimental data, histogram -simulation of the process (1) with BR = 0.9 · 10 −4 .
• Figure 
